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(I.  lUMLtMINTIHT  NOTE* 


III.  SNONMNIN*  MUTANT  ACTIVITY 


Foreign  Technology  Division 
Wright-Patterson  AFB,  Ohio 


Thermally  stimulated  electron  emission  of  40KM0G1G  steel 
samples  subjected  to  sliding  friction  at  different  sliding 
velocities  Nu  was  studied  in  a  vacuum  using  a  secondary 
electron  multiplier.  Also  measured  were  the  magnitude  of 
induced  wear,  intermediate  contact  electrical  resistance, 
the  coefficient  of  friction,  and  the  emf  occurring  under 
friction.  As  Nu  increases  from  0.75  to  4.5  m/sec,  two  maxima 
appear  on  the  thermally  stimulated  electron  emission  curves 
in  tb  regions  170  and  270  degrees  C.  A  more  intense  thermally 
stimu  ^ted  electron  emission  is  observed  after  sliding  with 
V  equals  4.5  m/sec,  and  this  also  produces  greater  wear.  ' 
[AR1024933]  A 
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/Article  by  L.  G.  Korshunoye;  Sverlovsk,  Trudy  Ural'skogo  Poli¬ 
te  khnicheskopo  Institute  iroe^  S.  H.  Klrova(Works  of  the  Urals 
Folytechnioal  Institute  imeni  S.  K.  Kirov),  Russian,  No  177, 

PP  53-57,  1969/ 

Friction  of  metal3  is  a  complex  physical  and  chemical  pro¬ 
cess,'  Plastic  deformation  occurs  where  friction  exists  in  the 
surface  layers  of  a  metal  with  a  high  velocity  due  to  intensive 
heating  up  of  both  submicro-  and  nicrovolunes  and  macrovolumes  of 
the  .surface  layers.  The  amount  of  heat  liberated  in  friction 
cncunts  to  almost  75£  of  all  the  external  expended  mechanical  work 
/l/.  High  temperatures  develop  on  the  friction  surface  which 
reaches  the  melting  points  of  the  working  metals  /2/  or  even  cx- 
ccod.s  them  /3/. 

Strain  and  strong  heating  up  promotes  high  activity  of  the 
surfacclayers  which  leads  to  intensive  interaction  with  the  sur¬ 
rounding  medium,  to  the  occurrence  of  diffusion  processes,  phase 
transformations,  etc..  In  them  and  to  the  development  of  a  new 
structure  in  the  surface  layers  vhich  is  different  from  the  initial 
structure  in  chemical  and  phase  composition  /!}.,  5/«  The  friction 
process  is  also  accompanied  by  electrical  phenomena — thermoelec- 
tronic,  therraoionic  and  oxoelectronic  omissions  as  well  as  thermo¬ 
electrical  processes  /6-9/.  Electrification  of  the  working  metals 
takes  place  as  a  result  of  tho  occurrence  of  these  processes. 

Sxoelectron  emission  with  the  surface  of  metals  (Kramer's 
effect)  is  an  energy  characteristic  of  processes  taking  place  dur¬ 
ing  deformation  /10/.  The  Intensity  end  kinetics  of  cxoelectron 
emission  for  contact  interaction  have  been  linked  with  change  of 
electron  work  function  /10/  wliich  for  metals  can  essentially  change 
during  deformation  due  to  phase  transformations  and  processes  of 
chemisorption,  oxidation,  etc.  in  the  surface  layers  /ll,  12,  13, 
llj/.  Consequently,  cxoelectron  emission  carries  in  itself  signi¬ 
ficant  information  about  phenomena  occurring  in  the  surface  layers 
of  deformed  metals. 

Results  arc  presented  in  thi3  work  of  investigations  into 
the  effect  of  sliding  friction  modes  on  the  parameters  of  ther¬ 
mally  stimulated  exoelectron  emission.  Tests  were  conducted  on  •> 
disk  friction  machine  the  element  bf  which  consisted  of  a  cali¬ 
brated  rotating  disk  70*.  mn  in  diameter  and  3-mm  thick.  A  sample  0 
8  nan  in  diameter  and  50-55  mn  long  was  clamped  to  the  disk  surface 
under  the  action  of  an  external  lead  with  the  plane.  The  calibrated 
disks  were  mads  of  steel  JjXhl3  and  after  heat  treatment  has  a  kar*:- 
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noss  of  Rr  f>0.  The  samples  were  made  of  steel  Ij-OKhlOOlO  and  had 
r  purely  austenitic  structure  in  the  initial  condition. 

Tests  were  conducted  with  an  external  load  of  2.5  kG  in 
the  range  of  slip  rates  of  0.  73>-7.5  m/sec.  Friction  path  was 
10,000  meters  long.  The  following  magnitudes  were  measured  in 
the  process  of  friction:  weight  wear,  transient  contact  electri¬ 
cal  resistance,  average  temperature  on  the  sample  friction  sur¬ 
face  and  the  emf  forming  during  friction. 

Thermally  stimulated  exoelectron  emission  with  the  friction 
surface  of  a  sample  was  recorded  immediately  after  vacuum  testing 
12tJlO“5  inri  e  g)  with  the  aid  of  a  secondary  electron  multiplier. 
The  apparatus  and  method  of  recording  ex  electron  emission  have 
been  doscri.-ad  ir.  work  /l5/» 


(b) 
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Pig.  1.  Thermally  stimulated  exoemissien  of 
steel  Ij-OKhlOSlO  after  friction  at 
sliding  velocities  of:  1 — ip. i?  m/ sec  ; 

2—7*5  m/sec;  3 — 0. 75  m/soc; 
a — Pulses/ sec;  b — t,  minutes. 

Results  of  investigating  the  magnitude  and  nature  of  exc- 
electron  emission  from  a  friction  surface  after  testing  steel 
lj.QKtal0G10  at  different  slip  rates  have  boen  presented  in  Pig.  1. 
Analysis  of  the  data  shows  that  the  Intensity  of  exoclcctron 
emission  and  the  nature  of  its  change  in  heating  depend  on  the 
friction  mode.  The  tamper  at '.ire  relationship  of  exoeraission’  for 
samples  tested  at  slip  rates  of  0.75  m/scc  has  the  form  of  a  satu¬ 
ration  curve.  Upon  heating,  two  maximums  were  discovered  for  sam¬ 
ples  having  slip  rates  of  k.5  and  7.5  m/sec. 

After  comparing  the  obtained  relationships  it  was  possible 
to  note  that  the  change  in  slip  rate  leads  to  a  difference  in  the 
ranxiimun  intensity  of  exoelectron  emission  as  well  as  in  the  tem¬ 
perature  position  of  the  maximums.*  lioroovor,  it  was  established 
that  boating  the  samples  to  350  C  ana  holding  them  at  this  tempera-.' 
ture  for  one  hour  did  not  reduce  the  intensity  of  exocmission  to  a 
background  level. 
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Measurement  of  the  respective  parameters  was  done  to  esta¬ 
blish  the  interrelationship  of  exoenission  parameters  with  the 
characteristics  of  friction  and  wear.  The  nature  of  change  in 
magnitudes  of  reduced  wear  il),  transient  contact  electrical 
resistance  R_,  kohm  (2)f  friction  coefficient  Kf  l 3 )  and  emf  il*.) 
which  forms  during  friction  in  relationship  to  slip  are  shown  in 
?Ig.  2.  (b) 


Pig.  2.  Change  in  the  characteristics  of  friction 
and  wear  for  steel  i|0KhlOG10  in  relation 
to  slip  rate:  a — E-;  b— Q,  mg/1000  m; 
c — emf,  rvr;  d — slip  rate,  m/ sec. 

Electromotive  force,  measured  for  friction  in  this  case, 
is  one  of  the  integral  characteristics  of  the  processes  occurring 
on  the  surface  of  metals.  The  magnitude  and  sign  of  it  are  deter¬ 
mined  not  only  by  the  physical  nature  of  the  contacting  metals  and 
temperature  on  the  surface  but  also  by  the  nsture  of  interaction 
of  the  working  nutals  with  the  surrounding  medium.  Development  of 
oxidizing  and  other  processes  on  the  surface,  associated  with 
ths  formation  of  films  on  them,  which  differ  in  nature,  are  re¬ 
flected  in  tho  changes  of  magnitude  and  then  the  sign  of  the  emf 
formed  during  friction  /8,  9/. 

For  a  slip  rate  of  0.75  m/sec  on  the  friction  surface  an 
oxide  film  is  formed  whose  stability  bears  out  the  high  values  of 
transient  contact  electrical  resistance  and  coefficient  of  friction 
as  well  as  a  comparatively  small  magnitude  of  reduced  wear.  The 
emf  at  this  slip  rate  has  the  greatest  values’  and  a  negative  sign. 

With  Increased  slip  rate  up  to  1.5  m/sec  the  transient  con¬ 
tact  electrical  resistance  and  friction  coefficient  sharply  drop 
while  wear  increases.  This  testifies  that  the  oxide  film  forming 
on  the  surface  is  unstable.  As  a  result  of  its  rupture  the  area  of 
purely  metallic  contact  increases  and  grasping  processes  actively 
occur.  Here  the  emf  decreases  by  approximately  h  times.  Upon 
subsequent  increase  in  the  slip  rate  the  intensity  of  grasping 
i3  increased,  no  visible  oxide  film  forms  on  the  friction  surface 
of  the  ssnple  and  wear,  achieves  its  highest  value. 

In  the  .5  ra/sec  range  of  slip  rates,  wear  is  reduced. 

On  the  friction  surface  an  oxide  film  was  noted.  A  lowering  of 
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eraf  in  the  examined  r8nge  of  slip  rates  can  be  associated  with 
the  fact  that  slip  rates  greater  than  1±.5  m/sec  on  the  friction 
surface  probably  cause  the  formation  of  an  oxide  of  another  typo 
which  i  as  thermoelectric  and  iriction  properties  (low  coeffici¬ 
ent  of  friction)  and  differs  from  those  which  posses  oxides  for¬ 
ming  at  slip  rates  below  I4..5  m/sec.  Conditions  of  oxide  film 
failure  on  the  friction  surface  renders  a  considerably  greater 
affect  on  the  enf  magnitude  than  increased  average  temperature 
of  the  sample  surface  with  an  increased  slip  rate — emf  with  an 
increased  temperature  does  not  increase. 

Comparison  of  the  data  in  Figs.  1  and  2  makes  it  possible 
to  make  certain  conclusions  about  the  effect  of  sliding  friction 
nodes  and  the  physical  and  chemical  processes  occurring  here  on 
the  nature  of  thermally  stimulated  exoemission.  Fo  mat  ion  of  an 
oxide  film  on  the  friction  surface  nt  slip  rates  of  0.75-7*5  m/sec 
causes  a  lowering  of  the  emission  intensity  which  was  probably 
associated  with  the  formation  of  chemisorbed  and  oxide  layers 
leading  to  increased  electron  work  function  /l 2,  13/.  Emission 
of.  the  greatest  magnitude  can  be  observed  on  the  surfaccof  a 
sample  the  testing  node  of  which  promoted  the  occurrence  of  gras¬ 
ping  process  and  intense  wear. 

The  presence  of  low-temperature  maximum  and  point  of  dis¬ 
continuity  l at  rates  of  0.75  m/sec)  cn  the  emission  curves  can 
be  caused  by  an  transformation  occiirring  during  heating. 

Hicrostructvre  rtudios  showed  that  *— martensite  is  formed  in  the 
surface  layers  of  steel  lj.0Khl0G10  at  slip  rates  of  0.75-7*5  ra/sec. 

Thus,  these  experiments  indicate  the  existence  of  an  inter¬ 
relationship  between  exoclectron  emission  and  the  most  important 
processes  taking  place  on  the  surface  of  metals  for  different 
friction  modes. 
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